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ABSTRACT 



Nanoparticles exhibit unique physical properties that are not found in their bulk counterpart. Cadmium selenid 
nanoparticles are synthesized with different sizes by the organometllic pyrolysis method after modification. X-ray 
scattering are used to determine the average size and the internal structure of the CdSe nanoparticles. The transmission 
electron microscopy (TEM) images of the samples show that the mean sizes of QDs are 4 nm. The effect of particle sizes 
on the optical properties is confirmed from UV-visible and fluorescence spectroscopic data. The CdSe nanoparticle 
exhibits red shift excitonic energy band at wavelength of -500 nm to -600 nm. The optical band gap decreases with 
increasing the particle size. 
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Nanostructured materials have attracted a great transaction of attention in the last few years for their unique 
characteristics that cannot be obtained from conventional macroscopic materials. Owing to the quantum size effects and 
surface effects, nanoparticles can display novel optical, electronic, magnetic, chemical and structural properties that might 
find many important technological applications. An extremely active and prolific field in nanomaterials is finding ways to 
control size and morphology of the nanoparticles since the properties and applications of the nanoparticles are largely 
dependent on their size and morphology. The most evident manifestation of properties is the optical light emission in the 
blue-red spectral region characterized by a blue shift at smaller crystallite dimensions. Such properties construct 
semiconducting nanostructures suitable for several kinds of applications, from anti reflecting coatings [1] to bimolecular 
detection [2] and light emitting devices [3]. Due to these changes in properties with the crystallites size, researchers interest 
turn towards the synthesis of semiconductor particle in the few nanometer range with dimensions comparable to the Bohr 
radius. The semiconductor nanoparticles within the dimension of Bohr radius exhibit strong size dependent properties. 
Such particles may lead to quantum dot lasers, single electron transistors and also have biological applications [4, 5]. It is 
important to synthesize nanoparticle at the desired size within a narrow size distribution and in an easy to handle 
conditions of precursor, solvent and temperature etc. Cadmium selenide (CdSe) is a brilliant II- VI semiconductor material 
with a direct band gap of 1.77 eV at room temperature because of their size-dependent (and thus tunable) photo- and 
electro-luminescence properties. CdSe can have two different crystal structures cubic zinc blende and hexagonal wurtzite 
and a direct band structure. CdSe quantum dots of appropriate size can have an absorption edge and emission peak 
anywhere in the visible spectrum. This led to CdSe nanoparticles to be used for opto -electronic devices, laser diodes, 
nanosensing and biomedical imaging [6]. In the present study, we have developed the conventional organometallic 
pyrolysis method to synthesis CdSe nanoparticles with some significant advantages such as controllable particle size, a 
cost-effective and less complicated technique. The prepared nanoparticles are well characterized by X-ray powder 
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diffraction, TEM, UV-vis and fluorescence spectroscopic data. The vibrational structure and the change of the optical 
properties with the particle size are also discussed. 

EXPERIMENT 

Synthesis of CdSe Nanoparticles 

The synthesis of CdSe carried out in analogies to the procedure which developed by Murray et al [7], with some 
modifications. 0.3 gm of CdO is added to 2.0 gm of Stearic acid (as reducing agent), then heated up to 170 °C till the red 
color of CdO disappears completely to ensure that the reaction between CdO and Stearic acid is complete and CdO 
completely transform to Cd sterate. 4gm of Tri-n-octyl-phosphine oxide (TOPO) as controller solvent and 2.0 gm of HAD 
are added to the reaction mixture then heated under Ar atmosphere at 200 °C. In another vessel 0.30 gm of Se powder is 
dissolved in 6 ml of TOP. The contents of the vessel are injected rapidly to a hot solution of TOPO at 220°C. The color of 
the reaction mixture turns orange. Increasing the temperature leads to further growth of the particles. Different sizes of 
CdSe quantum dots could be separated by taking 2 ml of the reaction mixture at various temperatures. Seven samples of 
CdSe nanocrystals are taken from the above plot of reaction mixture at different time. Once the temperature of the reaction 
mixture reaches at 280°C the reaction flask was removed from the heating mantel, and then allowed to cool down. 
The CdSe particles can be separated in solid by adding methanol to the solution until the solution become turbid. 
The particles will precipitate and can be separated by centrifugation. 

Instruments 

The shape, morphologies and the particle size were studied using JEOL JEM 2100 transmission electron 
microscope operated at 200 KV accelerating voltage. The structure of the prepared samples were determined from X-ray 
Diffractometer Philips PW 1700 powder diffractmeter operating with CuKa anode (k = 0.154183nm). Scans were done at 
6°min _1 for 20 values between 20 and 90°. UV-visible absorbance spectra of prepared CdSe nanoparticles were measured 
with a spectrometer PerkinElmer Lambda 750 double beam spectrophotometer. Diluted solutions of target samples were 
placed in 1 cm UV quartz and the absorption was recorded within the appropriate scan range. The spectra were taken 
against the pure solvent reference of concern for each different sample. Photoluminescence PL properties CdSe 
nanoparticles are characterized by PerkinElmer Lambda LS 45 Spectroflorometer to carry out the emission spectra for 
different sizes. 

RESULTS AND DISCUSIONS 
X- ray Diffraction Pattern Data 

Figure 1 shows the corresponding X-ray diffraction patterns of CdSe nanoparticle deposited on a silicon slide. 
Indexing process of powder diffraction pattern is done and Miller Indices (h k 1) to each peak is assigned in first step. 
The details are seen in table 1 . No spurious diffractions due to crystallographic impurities are found in the sample. All the 
reflections are corresponding to pure CdSe semiconductor with wurtzite (WZ) hexagonal structure. However, the 
diffraction peaks are broad which indicating that the crystallite size is very small. Seven peaks at 29 values of 21.83, 25.51, 
34.89, 42.52, 45.86, 49.97 and 55.75 which are corresponding to (100), (002), (102), (110), (103), (112) and (202) planes 
of wurtzite hexagonal CdSe crystal are observed and compared with the standard powder diffraction card of Joint 
Committee on Powder Diffraction Standards (JCPDS), CdSe file No. 04-01 1-9601. The two peaks corresponding to (102) 
and (103) plane confirmed the wurtzite hexagonal lattice structure. The average particle size of CdSe nanoparticle was 
calculated from Debye-Scherrer formula [8], D = 0.9 X I P cos 9. Where 'X' is wave length of X-Ray (0.1541 nm), 'P' is 
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FWHM (full width at half maximum), '8' is the diffraction angle and 'D' is particle diameter size. The calculated values of 
crystalline particle size (D) were listed in table 1 . 
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Figure 1: XRD Spectra of Prepared CdSe Nanocrystal 
Table 1: The Calculated Particle Sizes and d-Spacing of CdSe Nanoparticle 
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UV- Visible Absorption Spectroscopic Data 

Representative UV-vis absorption spectra for the prepared CdSe quantum dots samples are shown in figure 2. 
The peak positions of high sized CdSe nanoparticles are red shifted spectra compared to their corresponding small sized. 
This clearly indicates an increase in the nanoparticles diameter, as a result of the growth time. The diameter of the CdSe 
QDs for each growth time is estimated using the wavelength of the first excitonic absorption peak, (for wavelength ranging 
from 503 nm to 578 nm). 
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Figure 2: Optical Absorption Spectra of Selected Series of CdSe Nanocrystals: (1) 2.55 Nm, 
(2) 2.71 nm, (3) 2.75 nm,(4) 3.07 nm, (5) 3.25 nm,( 6) 3.69 nm and ( 7) 3.86 nm 

The sizes of the prepared CdSe samples are calculated from absorption Yu's et al Method [9], D (diameter/nm) = 

(1.6122 x 10" 9 ) X 4 - (2.6575 x 10" 6 ) X 3 + (1.6242 x 10-3) X 2 - (0.4277) X+ 41.75. Where D (nm) is the size of a given 

nanocrystal sample and' X' (nm) is the wavelength of the first excitonic absorption peak of the corresponding sample. 

The calculated sizes of our prepared samples corresponding to the ^ max are shown in table 2. The sizing curve is depicted in 

figure 3. 
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Table 2: Calculated Size of the Prepared CdSe Nanocrystals Corresponding 
to X max of the First Absorption Peak Using Yu et al. Equation 



Samples 
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NC Size D 
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Peak (nm) 


(nm) 


1 


503.55 


2.55 
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518.70 


2. 71 


3 


521.14 


2.75 


4 


542.30 


3.07 


5 


551.53 


3.25 


6 


569.92 


3.69 


7 


577.92 


3.86 
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Figure 3: Absorption Ns Size Relationship (Sizing Curve) for the Prepared CdSe 
Nanocrystals Calculated According to Yu Et Al 

The opt ical band gap has been calculated from absorption coefficient data as a function of wavelength by using 
Tauc relation [10]. (ahv) = B (hv - E g ) n ; where 'a' is the absorption coefficient, 'hv' is the photon energy, 'B' is the band 
tailing parameter, 'E g ' is the optical band gap of the nanoparticle, and 'n' = 1/2 for direct band gap. The absorption 
coefficient (a), at the corresponding wavelengths, was calculated from Beer-Lambert's relation [11]. 
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Where'd' is the path length and 'A' is the absorbance. It is well known that CdSe is a direct band gap 

semiconductor; hence the direct band gap value is estimated from the plots of ( a ^v) versus hv j s sn own in figure 4 
which is linear at the absorption edge, indicating a direct transition. The energy gap is determined by extrapolating the 

straight line portion to the energy axis at ^ a ^ = 0. 

Table 3 summarized the energy gap (Eg) of CdSe nanoparticles. It is observed that the decrease of Eg values by 
the increasing of CdSe QDs size. The values of the band gap of CdSe nanoparticle are higher than the band gap of bulk. 
Whereas the bulk band gap value is 1.77 eV [12]. This is due to the strong quantum confinement. The direct band gap 
energies gradually increase from 2.12 eV 
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Figure 4: The Band Gap Determination, (ahvj 1 vs hv Plot of Prepared CdSe Nanoparticles at Different Sizes 
Table 3: The Energy Gap (Eg) for CdSe Nanoparticles at Varies Sizes 



Samples 
No. 


E g (eV) 


NC Size 
(nm) 


1 


2.51 


2.55 


2 


2.46 


2.71 


3 


2.36 


2.75 


6 


2.20 


3.69 


7 


2.12 


3.86 



Fluorescence Spectroscopic of CdSe Nanoparticles 

The Photoluminescence spectra of the prepared CdSe samples with varies sizes have been measured. 
Typical normalized photoluminescence spectra are shown in figure 5. The nanocrystals have maximum wavelength (k max ) 
in the fluorescence spectrum ranging between 525nm and 570nm.Importantly, the normalization allows for an easier 
comparison of peak emission and ful width at half-maximum (FWHM) values. The FWHM of the photoluminescence 
spectra of CdSe NCs are all reasonably narrow and symmetric indicating a nearly monodispersed solution of NCs and no 
deep trap emission band in the red spectral region. The width values of the fluorescence spectra (FWHM) give information 
about the size distribution or monodispersity of the nanocrystals. 
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Figure 5: Photoluminescence (PL) Spectra of Prepared CdSe Nanoparticles: 1) 2.55 nm, 2) 2.71 nm, 
4)3.07 nm, 5) 3.25 nm. Intensities Obtained from a Fluorimeter were Normalized with 
Respect to the Maximum Value with Origin lab v.7.5 Software 

The absorption maxima occur at higher energies than the emission maxima as expected, the difference between 
the absorption and emission wavelengths is the Stokes shift. The prepared particle sizes have Stokes shifts of 22 nm, 21 
nm, 20 nm and 19 nm for sample 1, 2, 4 and 5 respectively. These results are shown in table 4. Figure 6 shows the Stock 
shifts, which represent the energy difference between the absorption and emission for four prepared CdSe samples. It is 
clear that the Stock shift increases as the size decrease. 

Table 4: Calculated Stock Shift of the Prepared CdSe Nanocrystals Corresponding 
to the Intensity of the Emission Spectra 



Samples 
No. 


^max Of abS. 

Spectra (nm) 


^•max Of 

emi. Spectra (nm) 


Size, D 
(nm) 


Stock 
Shift (nm) 


1 


503.55 


525.50 


2.55 


22 


2 


518.74 


540.06 


2.71 


21 


4 


542.3 


562.30 


3.07 


20 




551.53 


570.52 


3.25 


19 
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Figure 6: Stock Shift of the Fluorescence, Absorption (black line) and Emission (Red Line) of Four 
Prepared Samples of CdSe Nanocrystals (NCs) of Different Sizes, a) 20 Min, 
b) 30 Min, c) 45 Min, d) 55 Min 

Transmission Electron Microscope (TEM) of CdSe Nanoparticles 

The transmission electron micrograph results of CdSe nanoparticles and its particle size histogram for the 
micrograph are shown in figure 7. From the images one can see clearly a number of well-dispersed nanoparticles. 
The CdSe nanoparticles have an external spherical shape and the particles are to a large extent well -separated from one 
another and appear to be uniformly distributed throughout the field of the micrograph. The average particle size is ~ 4.2 
nm, as shown in the histogram. The correlation between the size obtained from TEM and that obtained from the first 
excitonic transition in absorption spectrum provides reliable optical sizing of the nanocrystals. High-magnification imaging 
allows the detection of planar disorder in individual crystallites. The calculated d- spacing for the CdSe is found to be 
0.190 nm which corresponding to the (103) plane, figure 7(d). 




Figure 7: TEM Images of Selected CdSe Nanoparticle after Removal Time at 55min, ~ Size 4.2 nm 
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The particles size measured from TEM micrograph is larger than the value calculated from XRD data. This might 
be explained by the fact that, X-ray diffraction results based on the mean size of sample obtained from XRD patterns are 
smaller than that obtained from all the structural layers of sample when using TEM. Additional in XRD method we did not 
eliminate the system standard error. Mostly, the TEM images give more accurate size than that calculated using XRD data 
and absorption data. 

CONCLUSIONS 

Semiconductor nanocrystals have been prepared via organometallic pyrolysis method with some modification 
which is low cost and less hazardous. Analysis of the XRD patterns revealed that the formed phase of CdSe is wurtzite 
hexagonal structure. The CdSe nanoparticles were synthesized with an average particle size ranging from 2 nm to 4 nm. 
The average partial size measured from TEM micrograph is larger and more accurate than that of the value calculated from 
XRD. The band gap of CdSe samples increases with the decrease in the size of nanoparticles. This increase is outcome of 
quantum confinement effect originated from smaller size of nanoparticles for samples which are taken at lower 
temperature. The calculated band gaps of CdSe nanoparticles are higher than that of the bulk. Florescence measurements of 
CdSe QDs show a narrow emission with no sign of shallow trap or deep trap emission. From the FWHM of the emission 
band, it is clear that the CdSe samples are monodispersed and have small size distribution, The Stock shift of CdSe QDs 
increasing as the size of particles decreasing. 
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